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Comment on “Association 
between Lifetime Exposure to 
Inorganic Arsenic in Drinking 
Water and Coronary Heart 
Disease in Colorado Residents”
http://dx.doi.org/10.1289/ehp.1509791
Refers to http://dx.doi.org/10.1289/ehp.1307839

In a recent issue of Environmental Health 
Perspectives, James et al. reported that life-
time exposure to low levels of inorganic arse-
nic in drinking water was associated with 
increased risk of coronary heart disease 
(CHD). The study was well performed and 
reported, except for the omission of two pos-
sible confounders related to an individual’s 
drinking water—magnesium content and 
total hardness.

Several studies worldwide have demon-
strated a relationship between low levels of 
magnesium in drinking water, or softness, 
and an increased risk of death from myo-
cardial infarction (Rylander 2014). A recent 
study from Serbia examined populations in 
three different locations with varying con-
centrations of calcium and magnesium in 
their drinking water (Rasic-Milutinovic et al. 
2012). The investigators observed signifi-
cantly lower diastolic blood pressure as well 
as lower levels of serum triglycerides and 
creatinine in the area with the highest total 
water hardness. These epidemiological obser-
vations are supported by extensive studies 
on cell function in relation to magnesium 
homeostasis (de Baaij et al. 2015). From a 
chemical point of view, a lack of major min-
erals in drinking water may affect the solu-
bility or bioavailability of arsenic. Further 
work to clarify the role of these agents is 
required before drawing final conclusions 
regarding the relationship between arsenic 
and cardiovascular disease.
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We thank Rylander for his interest in our 
article and for suggesting magnesium may 
confound the association we observed 
between inorganic arsenic in water and risk 
of coronary heart disease. We did not include 
measures of drinking water magnesium (or 
hardness) in our study. However, levels of 
calcium and magnesium reported for the 
Rio Grande aquifer (which served our study 
population in the San Luis Valley) indicate 
higher levels of hardness, with low vari-
ability in the San Luis Valley (Robson and 
Banta 1995). In contrast, the arsenic level 
in groundwater in the San Luis Valley water 
quality samples showed considerable variabil-
ity of 0–95 µg/L.   

The correlation between magnesium and 
arsenic is unknown for the San Luis Valley 
aquifer. However, in response to Rylander’s 
letter, we calculated a Pearson correlation 
coefficient of 0.12 between arsenic and mag-
nesium using arsenic data from Meliker et al. 
(2010) and unpublished magnesium data 
from a study in Michigan. We saw mean arse-
nic concentrations of 5.3, 0.6, and 6.5 µg/L 
for magnesium categories of < 4, 4–11, and 
> 11 mg/L, respectively, with a total sam-
ple size of 1,500 water samples and at least 
400 samples in each category. These estimates 

do not support the hypothesis that arsenic and 
magnesium are highly correlated in drinking 
water, hence reducing concerns about con-
founding between these two minerals. More 
importantly, given that low levels of magne-
sium (Rylander 1996) and conversely high lev-
els of arsenic (Moon et al. 2013) are thought 
to be associated with heart disease, any posi-
tive correlation between arsenic and magne-
sium would result in an underestimation (not 
overestimation) of the size of the association 
between inorganic arsenic exposure and coro-
nary heart disease found in our study.    

As with any observational epidemio-
logic study, it is important to continue to 
search for potential confounders and other 
risk factors. We continue to investigate the 
naturally occurring metals and minerals in 
the San Luis Valley drinking water supply 
and the potential associated long-term out-
comes. This research will include investigat-
ing co-mixtures of elements and potential 
confounders that could be related to heart 
disease risk. We find Rylander’s letter thought 
provoking, and we thank him for bringing 
this evidence pertaining to magnesium to our 
attention.
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